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Theoretical considerations and empirical evidence suggest that working memory (WM) plays a vital role in visual search (Awh, Vogel, & Oh, 2006) . The biased competition model (Desimone & Duncan, 1995) and similar accounts of visual search (Bundesen 1990; Duncan & Humphreys, 1989) , for example, posit that an observer holds a target template in visual WM to guide attention while scanning. Consistent with this proposal, dual-task studies have shown that a visual WM load compromises the efficiency of visual search (Oh & Kim, 2004; Woodman & Luck, 2004; Woodman, Luck, & Schall, 2007 ; but see Woodman, Vogel, & Luck, 2001 , for an exception) and that attention is often biased toward stimuli that match the contents of visual WM (Downing, 2000; Olivers, Meijer, & Theeuwes, 2006; Soto, Heinke, Humphreys, & Blanco, 2005 ; but see Downing & Dodds, 2004; Houtkamp & Roelfsema, 2006; Soto, Humphreys, & Heinke, 2006; , for evidence of qualifications and exceptions). Perhaps more unexpectedly, search also appears to involve executive WM, the component of the WM system also known to be responsible for such processes as coordinating multiple tasks (e.g., Baddeley, Chincotta, & Adlam, 2001) , generating novel behaviors (e.g., Baddeley, Emslie, Kolodny, & Duncan, 1998) , inhibiting prepotent responses (e.g., Unsworth, Schrock, & Engle, 2004) , and focusing and maintaining attention (e.g., Bleckley, Durso, Crutchfield, Engle, & Khanna, 2003; Conway, Cowan, & Bunting, 2001 ) (see Baddeley, 2007, and Engle, 2002, for reviews) . Research has shown that the demand to maintain a search template can divert executive WM from a concurrent nonvisual task and that the amount of capacity consumed by the template is a function of target complexity (Bourke & Duncan, 2005) . Other work has demonstrated the converse pattern of interference, revealing that an executive loading task can reduce search efficiency (Anderson, Mannan, Rees, Sumner, & Kennard, 2008; Han & Kim, 2004) and suggesting again that visual search demands executive WM capacity. Studies of individual differences, moreover, have shown a correlation between WM capacity and performance in search tasks demanding high levels of top-down attentional control, as is needed to suppress salient distractors, for example (Sobel, Gerrie, Poole, & Kane, 2007) , or to maintain attentional focus on a subset of items within a field of distractors (Poole & Kane, 2009) .
A variety of data thus implicate executive WM as one of the cognitive mechanisms underlying visual search and suggest a number of roles that executive processes might play in search. To further explore the functions of executive WM in visual search, Peterson, Beck, and Wong (2008) examined the influence of executive load on searchers' eye movements. Participants performed a serial search task under single-task control conditions or while concurrently performing an executive WM task. Eye movement data revealed two changes to account for the observed increase in behavioral response times (RTs). First, the participants under high load were more likely to revisit an item that had already been fixated, particularly if the initial gaze on the item was very brief. Second, gaze durations for the items that did not receive a revisit were longer under high Executive working memory load does not compromise perceptual processing during visual search: Evidence from additive factors analysis
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Executive working memory (WM) load reduces the efficiency of visual search, but the mechanisms by which this occurs are not fully known. In the present study, we assessed the effect of executive load on perceptual processing during search. Participants performed a serial oculomotor search task, looking for a circle target among gapped-circle distractors. The participants performed the task under high and low executive WM load, and the visual quality (Experiment 1) or discriminability of targets and distractors (Experiment 2) was manipulated across trials. By the logic of the additive factors method (Sternberg, 1969 (Sternberg, , 1998 , if WM load compromises the quality of perceptual processing during visual search, manipulations of WM load and perceptual processing difficulty should produce nonadditive effects. Contrary to this prediction, the effects of WM load and perceptual difficulty were additive. The results imply that executive WM load does not degrade perceptual analysis during visual search. inferred a visual encoding stage susceptible to interference from stimulus degradation but independent of responserelated processes. Logan (1978) , similarly, found additive effects of visual noise and set size in a visual search task and concluded that visual encoding constituted a stage of processing distinct from target-distractor comparison. A number of further studies, reviewed by Sanders (1998) , showed corroborative data.
To gauge the effects of executive load on visual processing during search, we examined performance data for interactions of executive WM load with stimulus quality (Experiment 1) and target-distractor discriminability (Experiment 2). If executive load compromises perceptual processing, then the manipulation of load should interact with the manipulation of perceptual processing difficulty.
EXPERIMENT 1 Method
Participants. The participants were 24 young adults (6 male, mean age 20.7 years) with normal or corrected-to-normal visual acuity. Each participant received $8 for taking part in the experiment.
Apparatus and Stimuli. Eye movements were recorded with a desktop-mounted EyeLink 1000 eyetracking system (SR Research, Mississauga, ON) with a spatial resolution of 0.5º and a temporal resolution of 1000 Hz. Stimuli were presented on a 19-in. ViewSonic E90FB CRT monitor with a resolution of 1,024 768 pixels and a vertical refresh rate of 75 Hz. The stimuli were viewed from a distance of 77 cm, held constant by a chinrest.
In the stimulus display, each trial consisted of one full circle target and 35 gapped-circle distractors, all drawn in black on a white background. On half of the trials, the stimuli were presented intact, with no degradation ( Figure 1A ). On the remaining trials, each item was degraded with 700 pixels of noise within a 59 59 pixel (Figure 1B) square centered on the item. To maintain a constant mean luminance of the individual items when the stimuli were degraded, 350 randomly chosen black pixels were turned to white, and 350 randomly chosen white pixels were turned to black.
The inner diameter of each item was 0.90º, and the outer diameter was 1.50º. The gap size of the distractors was 0.31º. The stimulus items were arranged to form six rows of six columns each, with the items in a row separated center-to-center by 3.66º. Alternating rows were offset by 1.83º in opposite directions to create a hexagonal pattern. In half of the experimental blocks, all distractors were oriented to face toward the target in one of the four cardinal directions (after Hooge & Erkelens, 1998) . Within the other blocks of trials, the stimuli were created by first generating an image in which distractors were oriented to face the target, and then rotating all of the distractors by a common value of 90º, 180º, or 270º, chosen randomly. The manipulation of distractor orientation was included as a test of hypotheses beyond those discussed here. However, the data showed no interactions of orientation and WM load. For the sake of clarity, therefore, the data are collapsed across distractor orientation for analysis, and distractor orientation is not discussed further.
Procedure. The participants performed concurrent visual search and WM tasks each trial. The search task required the participants to find and fixate a target-an ungapped circle among gapped-circle distractors. In low-WM load conditions, the participants were asked to count forward by ones from a random threedigit starting value, and in high-load conditions, they were asked to count backward by threes-a conventional executive loading task (e.g., Han & Kim, 2004) .
Each trial was preceded by a blank screen with a central fixation cross. The participants initiated a trial by pressing the space bar on the computer keyboard. The trial began with a 1,000-msec text mesload. Peterson et al. inferred two mechanisms by which executive load hindered search. To account for the effect of executive load on revisitation rates, they posited that high load produced a tendency toward premature attention shifts, allowing the eyes to disengage from a fixated object before perceptual processing had completed and thus demanding a revisit. To account for the effect of executive load on gaze durations, Peterson et al. speculated that high load slowed visual processing, increasing the time needed for a fixated item to be identified.
Both of the mechanisms of interference posited by Peterson et al. (2008) are plausible and are consistent with evidence for a role of executive WM in controlling attention (e.g., Conway et al., 2001; Kane, Bleckley, Conway, & Engle, 2001; Lavie, Hirst, de Fockert, & Viding, 2004) and regulating stimulus access to conscious awareness (Fougnie & Marois, 2007) . The speculation that load impaired visual processing is furthermore consistent with the finding that prefrontal regions involved in executive WM (Kane & Engle, 2002) serve to modulate extrastriate neuronal activity produced by visual stimulation (Barceló, Suwazono, & Knight, 2000) and, more generally, with the finding that top-down attentional control modulates the quality of visual stimulus representation (e.g., Pessoa, Kastner, & Ungerleider, 2003; Reynolds & Chelazzi, 2004) . Peterson et al.'s (2008) conclusion that visual processing during search was slowed by executive load, however, was premised largely on the finding that gaze durations for nonrevisited items were longer under high than under low load. Unfortunately, a change in gaze duration by itself reveals little about underlying perceptual or cognitive processes (Viviani, 1990 ). An increase in the time spent fixating an item, therefore, cannot be taken as firm evidence for impaired visual processing but might instead, for example, reflect changes in decisional or oculomotor processes. To determine whether perceptual processing in visual search is compromised by executive load, more direct measures of the influence of load on perceptual processing quality are necessary.
Toward this goal, in the present experiments, we manipulated the bottom-up difficulty of visual stimulus analysis and tested data for interactions of processing difficulty by load, interpreting the results within the framework of Sternberg's (1969 Sternberg's ( , 1998 
additive factors method (AFM).
The AFM seeks to localize the influence of stimulus and task manipulations within the cognitive processing stream by identifying patterns of additive and nonadditive effects between independent variables in RTs (Sternberg, 1969 (Sternberg, , 1998 and log-transformed accuracy rates (Schweickert, 1985) : Where two or more manipulations produce statistical interactions, they are inferred to influence at least one common stage of processing; where they produce additive effects, they are inferred to influence separate processing stages. Work using the AFM, notably, has implied that front-end visual processing is independent of higher level response selection and execution processes. For instance, Sternberg (1969) found that visual stimulus degradation slowed choice RTs in a pattern recognition task but that the effects of stimulus quality were additive with the effects of stimulus-response compatibility. From these results, he graded and degraded stimulus trials were mixed within blocks. Each block began with 4 randomly chosen practice trials, 2 each using undegraded and degraded stimuli. The remaining 72 trials were experimental trials, half using undegraded and half using degraded stimuli. Within the experimental trials, the target stimulus appeared twice at each of the 36 different possible locations, once each with degraded and undegraded stimuli. The order of trials within a block was randomized.
Results
The data from 1 participant who failed to complete all of the conditions of the experiment and from 1 participant who fixated the target at the time of the manual response on fewer than 50% of the trials were excluded from analysis. For the remaining participants, the analysis excluded practice trials, trials on which the search task ended without a manual response, and trials on which the participants were not fixating the target at the time of the manual response. This produced a loss of 590 trials (8.5%) across all conditions and participants, leaving 6,322 trials for analysis. The analyses of visual search data included trials on which an error occurred on the counting task. However, the analyses that excluded those trials produced patterns of effects identical to those reported below. For statistical analysis, the data were submitted to two-way withinsubjects ANOVAs, with stimulus quality (undegraded vs. degraded) and WM load (low vs. high) as factors.
RTs. Figure 2 presents mean RTs for visual search, measured as the time between onset of the search display and execution of the manual response. As was expected, reliable main effects indicated that RTs were longer with degraded stimuli than with undegraded stimuli [F (1, 21) sage reminding the participants whether to count forward by ones or backward by threes, followed by a 1,000-msec display of the starting number for the trial. Next, a single circle appeared at 1 of the 36 possible target locations, chosen randomly. To discourage the use of stereotyped scanning strategies during search, the participants were required to fixate this circle before beginning the search task. Finally, 300 msec after the participants' gaze landed on the circle, the search display appeared. The participants were instructed to find and fixate the target and then to press the space bar to end the search task. The trial timed out after 20 sec without a manual response. The participants were asked to begin counting when the starting number appeared and to continue until terminating the search. At the end of a trial, the participants were prompted to report the number at which they had stopped counting by typing it on a numeric keypad.
The quality of the visual stimuli (undegraded vs. degraded) and the level of WM load imposed by the counting task (low vs. high) were manipulated factorially. An experimental session comprised four blocks of 76 trials each, two blocks each under high and low WM load. The order of high-and low-load blocks was counterbalanced across participants, and the participants were informed before the start of each block about which loading task to perform. Unde- 0.331, p .571, 2 p .016]. This pattern of effects was unchanged when fixations of less than 100 msec were included in the analysis.
Percentage of saccades toward the target. As a further check of the influence of executive load on search performance, we examined the percentage of saccades that was made each trial in the direction of the target. In effect, we treated each saccade as a discrete response and classified those toward the target as correct responses. A higher percentage of correctly directed saccades indicates a more efficient search, with the eyes being guided more effectively toward the target (Wolfe, 1994 (Wolfe, , 1998 Wolfe, Cave, & Franzel, 1989) . For the analysis, a saccade was classified as being made toward the target if its direction was within 45º of the target's direction relative to the saccade launch point; analyses using criteria more or less restrictive than this produced similar results. Mean raw values are shown in Figure 4 . For the statistical analysis, the data were log transformed; Schweikert (1985) showed that manipulations influencing separate processing stages exert additive influences on log-transformed correct response rates. A reliable main effect of stimulus quality indicated that the frequency of saccades in the target direction was higher when the stimuli were undegraded than when they were degraded [F (1, 21) ]. An analysis of the nontransformed data produced similar effects. An analysis of fixation durations indicated that presaccadic fixations were briefer preceding a movement in the incorrect direction (M 227 msec) than preceding a movement in the direction of the target (M 244 msec) [F(1,21) 9.369, p .006, 2 p .309], but this effect was not modulated by any interactions with executive load or stimulus quality (all ps .10).
Target recognition failures. For a converging measure of perceptual processing quality, we examined the Fixation frequency and fixation duration. Oculomotor data were analyzed to determine the bases of the WM and stimulus degradation effects in the RT data. The mean number of fixations made between onset of the search display and execution of the manual response on each trial ranged across conditions from a low of 8.35 to a high of 12.79 and was correlated almost perfectly (r .97) with mean RT. Accordingly, the pattern of statistical effects in the fixation frequency data was identical to that for the RT data. Notably, however, the raw effect size of the influence of executive WM load was small; on average, high WM load increased the number of fixations per trial by less than 1.0 (M 0.88), suggesting that the larger influence of load on search times arose from changes in fixation durations.
A preliminary analysis of fixation durations indicated that mean durations changed systematically across the course of a trial (cf. Antes, 1974; Unema, Pannasch, Joos, & Velichkovsky, 2005) . Because of this, an analysis collapsing fixation durations over the full course of each trial would confound the effects of the experimental manipulations with the effects of the number of fixations made per trial. Our statistical analysis therefore included only the first six fixations of each trial, after which empty data cells began to occur for some participants in some experimental conditions. The preliminary analysis indicated no interactions between ordinal fixation position (first, second, etc.) with either stimulus quality or WM load. Ordinal fixation position was therefore not included as a factor in the analysis reported here. The analysis also excluded the last gaze of every trial, which included the time needed for manual response execution, and excluded fixations briefer than 100 msec (8% of fixations for the low-load conditions, 7% for the high-load conditions).
Mean fixation durations are presented in Figure 3 . The analysis indicated that fixations were longer under high executive load than under low load [F (1, 21) effects of executive load and stimulus quality were additive. The results confirm that executive load slows search but offer no evidence that it does so by compromising perceptual processing. In Experiment 2, we sought converging evidence for this conclusion.
EXPERIMENT 2
In Experiment 1, we found no evidence of an interaction of stimulus quality and executive load, where stimulus quality was manipulated by the addition of visual noise. In Experiment 2, we aimed to extend the results of Experiment 1 by using an alternative manipulation of visual processing difficulty. Here, the size of the gap in the gapped-circle distractors was varied to manipulate targetdistractor discriminability. Like stimulus quality, stimulus discriminability appears to influence visual processing, independent of higher level decision and response selection processes (Sanders, 1998) .
Method
Participants. The participants were 14 young adults (6 male, mean age 23.93 years) with normal or corrected-to-normal visual acuity. Each participant received $8 for taking part in the experiment.
Stimulus, Apparatus, and Procedure. The apparatus was identical to that of Experiment 1. The stimuli and procedure were identical to those of Experiment 1, except that the noise-degraded stimuli were replaced with undegraded stimuli whose distractor gap size was 0.08º. The gap size for the high-discriminability stimuli was again 0.31º.
Results
The data from 3 participants were excluded from the analysis because those participants were fixating the target item at the time of their manual response on fewer than 50% of all trials. The treatment of the remaining data was identical to that of Experiment 1. Data filtering produced a loss of 130 trials (4.10%) across all conditions and participants, leaving 3,038 trials for analysis. Analyses of visual search data that excluded trials with counting errors produced patterns of effects identical to those reported below. For the statistical analysis, the data were submitted to two-way within-subjects ANOVAs with targetdistractor discriminability and WM load as factors.
RTs. Figure 5 Fixation frequency and fixation duration. The mean number of fixations made on each trial ranged across conditions from 9.20 to 13.84 and was again highly correlated across conditions with mean RT (r .96). As in Experiment 1, the mean number of fixations per trial was modestly higher under high-load than under low-load conditions (mean difference 0.98). Here, however, this difference was not reliable. The statistical analysis produced only a main effect of target-distractor discriminability [F (1,10) Loading task performance. With a final pair of analyses, we examined counting accuracy and speed to ensure that the participants did not sacrifice loading task performance to protect visual search in the high-load degraded stimulus conditions. A counting error was defined as any instance in which the number reported at the end of the trial could not have been reached by counting as instructed from that trial's starting number. For the lowload condition, this included trials on which the reported number was less than or equal to the starting number. For the high-load conditions, this included trials on which the difference between the reported number and the starting number was not a negative integer multiple of three. The mean error rate was smaller in the low-load than in the high-load conditions (M 4.2% vs. 17 
Discussion
Consistent with earlier work (Anderson et al., 2008; Han & Kim, 2004; Peterson et al., 2008) , in Experiment 1, there were significant and substantial costs of executive WM load for visual search performance, evident in RTs, fixation frequencies, fixation durations, and a measure of saccadic guidance. The data likewise confirmed that search was hindered by stimulus degradation, a manipulation known to compromise perceptual processing quality. By every measure of performance examined, however, the .597, 2 p .029], and no hint of an interaction [F(1,10) 0.200, p .664, 2 p .020]. An analysis of the nontransformed data produced similar effects.
Loading task performance. The mean error rate on the loading task was higher in the high-executive-load conditions than in low-load conditions (M 16% vs. 5%) [F(1,10) 7.608, p .020, 2 p .432] but did not differ reliably as a function of target-distractor discriminability (M 9.8% for high-discriminability stimuli vs. 11.3% for low-discriminability stimuli) [F(1,10) 
The results closely parallel those of Experiment 1: Although manipulations of executive WM load and targetdistractor discriminability both had a substantial influence on visual search performance, their effects were strictly additive across an array of performance measures. The data again gave no evidence that executive load compromised visual analysis.
GENERAL DISCUSSION
In two experiments, we found large and reliable effects of an executive loading task on visual search performance, evident in performance measures including RTs, fixation frequencies, fixation durations, and the percentage of saccades made toward the target object. In no case, however, did the influence of executive WM load interact with that of perceptual processing difficulty. Across both experiments and all dependent measures examined, rather, the effects of executive load and perceptual processing difficulty were additive. By the reasoning of the ther a reliable main effect of WM load [F (1,10) The analysis of fixation durations included only the first five fixations of each trial, after which empty data cells began to occur for some participants. As in Experiment 1, the analysis excluded the last gaze of every trial, along with fixations briefer than 100 msec (6% of fixations for low-load conditions, 5% for high-load conditions). Mean fixation durations are presented in Figure 6 . The fixation durations were again longer under high WM load than under low load [F(1,10) .011]. This pattern of effects was unchanged when fixations of less than 100 msec were included in the analysis.
Percentage of saccades toward target. The mean raw values of the percentage of saccades made toward the target on each trial are shown in Figure 7 . A statistical analysis of the log-transformed proportion correct data indicated that the relative frequency of saccades in the target direction was higher when the target and distractors were highly discriminable than when they were not [F(1,10) 74.887, p .001, 2 p .882] but showed no reliable main effect of executive load [F(1,10) 0.509, p .492, 2 p .048] and no interaction [F(1,10) 0.226, p .645, 2 p .022 ]. An analysis of the nontransformed data produced similar effects. The presaccadic fixation duration did not differ reliably between saccades made in the incorrect direction (M 245 msec) and those made in the correct direction (M 253 msec) [F(1,21) 2.244, p .165, 2 p .183] and showed no interaction of saccade direction with executive load or stimulus quality (all ps .10).
Target recognition failures. The percentage of target recognition failures was lower when the targets and distractors were highly discriminable than when they were not (M 8.1% vs. 18.3%, respectively) [F(1,10) 71.964, p .001, 2 p .878] but showed no reliable main effect of WM load (M 13% for low-load conditions vs. 13.5% for high-load conditions) [F(1,10) and thereby increasing the number of saccades and fixations needed to eventually locate the target. Such an effect would comport with the finding of the present Experiment 1 that the percentage of saccades made in the direction of the target was smaller under high load than under low load; given that correctly directed movements required longer presaccadic fixation durations than incorrectly directed movements, premature attentional disengagements would presumably increase the frequency of misdirected saccades. The premature disengagement hypothesis would also explain, at least in part, the finding here that more fixations were required to locate a target under high load than under low load. However, two pieces of evidence in the present data suggest that if high load engendered premature eye movements, the size of this effect was modest at best. First, the difference in the mean number of fixations between the high-and low-load conditions was less than 1 per trial (an effect that was nonsignificant in Experiment 2), accounting for only a very modest increase in behavioral RTs. Second, mean fixation durations were longer under high load than under low load. A tendency toward premature attention shifts, by itself, would obviously produce the opposite effect. An alternative mechanism of interference is needed to explain the increase in fixation durations observed under high executive load. Thus, neither the perceptual processing hypothesis nor the premature attentional engagement hypothesis seems compatible with the present results. At least two alternative possibilities, however, seem consistent with the present findings and with an assortment of earlier data. A hypothesis related to the premature disengagement account but perhaps more plausible in light of the present findings is that executive load hinders postperceptual mechanisms responsible for guiding search (Wolfe, 1994; Wolfe et al., 1989) , by either disrupting distractor suppression (Poole & Kane, 2009; Sobel et al., 2007) or compromising the searcher's ability to maintain a target template (Bourke & Duncan, 2005) . By this speculation, increased fixation durations would be necessary under high load to compensate for poor attentional guidance, and a decreased tendency to saccade in the direction of the target, producing an increase in the number of saccades needed to locate the target, would reflect occasional failures of this compensatory process. Pop-out search would presumably be immune to executive load (Anderson et al., 2008; Han & Kim, 2004) , simply because high target salience would allow rapid detection even if attentional guidance was imperfect.
Another parsimonious account of the present findings might be found in the models of central task postponement that have been offered to explain the PRP. A wide variety of data indicate that the delays occurring when two tasks are performed in close succession are the result of a bottleneck in central cognitive processing, most specifically in response selection (Luck, 1998; McCann & Johnston, 1992; Pashler, 1984 Pashler, , 1994 Pashler & Johnston, 1989) . As response selection is ongoing for one task, response selection for the second task is postponed. When punctate tasks are performed in sequence at short stimulus onset asynchronies, the consequence of this postponement is that responses for the second task are delayed, resulting AFM, such effects imply that changes of executive load and manipulations of perceptual difficulty affect search in fundamentally different ways. Contrary to earlier conclusions, executive load does not appear to hinder perceptual processing.
Is it possible that the inference of additivity reflects a simple failure to detect a true interaction between executive load and perceptual processing difficulty? Although the possibility of a Type II statistical error is necessarily a concern when applying the AFM, several considerations argue against that worry here. First, additive effects were obtained in two separate experiments, using two different manipulations of perceptual processing difficulty. Second, additivity prevailed across a variety of dependent measures, including measures of processing speed and accuracy, and measures at the levels of both behavioral responses and individual saccades. Third, p values for the interactions of executive load and perceptual processing uniformly failed to even approach statistical significance. Finally, the conclusion that visual processing is unaffected by executive load is consistent with an array of existing data. As was noted above, for example, Sternberg (1969; see also Sanders, 1998) reported that the effects of visual stimulus quality on RTs are additive with those of response selection difficulty, typically considered a form of executive processing demand. Similarly, Pashler (1984) reported additive effects of visual stimulus contrast and dual-task interference in experiments using a visual search task within the psychological refractory period (PRP) paradigm, whereas Logan (1978) described additive influences of visual stimulus quality and short-term memory load on performance in a search task. All of these results imply that front-end visual processing is largely immune to interference from central cognitive processing load (Pashler, 1994) .
How, then, does executive load hinder search? One possibility, as was suggested by Peterson et al. (2008) , is that high executive load triggers premature disengagements of attention, allowing the eyes to leave an attended object before normal presaccadic processing has been completed in a classical PRP effect. When concurrent tasks are performed over time, as in the present experiments, the consequence is that access to response selection mechanisms is interleaved, with processing for one task or the other being intermittently postponed as the other task occupies the bottleneck (Pashler, 1998) . In the present experiments, this implies that processing on the visual search task would be periodically suspended as the bottleneck was occupied by the loading task.
The postponement hypothesis assumes, however, that visual search would require recurring access to a response selection bottleneck. Why would this be so, if the participants' only explicit response demand was an end-oftrial keypress? One potential reason is that the decision to classify an attended item as a target or distractor demands bottleneck access, although this speculation may be undermined by Logan's (1978) finding that short-term memory load does not hinder target-distractor comparisons. An alternative possibility is that voluntary eye movement generation is bottleneck limited, meaning that an executive loading task would interfere with the saccade programming necessary to carry out an oculomotor search. Several pieces of evidence support this speculation. Pashler, Carrier, and Hoffman (1993) , for example, reported that an auditory judgment can delay voluntary saccade execution in a PRP paradigm, and an experiment by Stuyven, van der Goten, Vandierendonck, Claeys, and Crevits (2000) demonstrated that executive load can increase voluntary saccade latencies even in a simple cued eye movement task. Other work has shown that WM capacity, hypothesized to be a reflection of executive processing (Engle, 2002) , predicts movement latency in an endogenously cued saccade task (Unsworth et al., 2004) . Under the saccade postponement hypothesis, finally, popout search (Anderson et al., 2008; Han & Kim, 2004) and unspeeded search of very brief displays 1 (Pashler, 1989 ; but see De Jong & Sweet, 1994 , for qualification) would be immune to executive load, because neither would require access to saccade programming. In total, these considerations suggest the process of saccade programming as a potentially important locus of interaction between executive control and visual search.
